Background: Insecure attachment in infancy is associated with a range of later
descriptive of this child" to "least descriptive of this child." A security score is calculated by correlating the individual sort with a criterion sort created from an expert consensus on the behaviours of the prototypically securely attached child. Support for the validity of the observer, AQS has been provided by two meta-analyses (Cadman, Diamond, & Fearon, 2017; Van IJzendoorn, Vereijken, Bakermans-Kranenburg, & Marianne Riksen-Walraven, 2004) .
Despite the strengths of the SSP and AQS, in their current form, these measures are arguable not suitable for use in routine clinical settings, as both require considerable time and resources to administer.
The SSP requires a laboratory setting, video recording, and welltrained coders, whereas in its present form, the AQS requires a long observation period followed by a lengthy period of sorting items.
A shorter measure, the Toddler Attachment Sort-45 (TAS-45), was developed to address this issue (Andreassen, 2007; Kirkland, Bimler, Drawneek, McKim, & Schölmerich, 2004) . Eight clusters of items were derived from the original AQS along with six new items to assess disorganised attachment. Two studies provide initial support for the validity of the measure (Roisman & Fraley, 2008; Spieker, Nelson, & Condon, 2011) .
Although the TAS-45 shows promise, it has potential limitations.
First, it is unknown whether it shows convergent validity with the SSP. Second, there are limitations with the methodology used to develop the measure. The eight clusters were identified on the basis of the perceived semantic similarity between items; however, empirical approaches to examine the factor structure of the AQS have reported between three and five dimensions (Bailey, Moran, Pederson, & Bento, 2007; Bailey, Waters, Pederson, & Moran, 1999; Howes & Smith, 1995; Pederson & Moran, 1995; Posado, Waters, Crowell, & Lay, 1995) . The TAS-45 therefore may contain redundant dimensions, making the instrument longer and of less clinical utility than it could be.
A promising alternative analytic approach is to use Q-factor analysis to explore the latent structure of the AQS (Bailey et al., 1999; Bailey et al., 2007) . Because the Q-sort procedure requires cards to be sorted in a forced normal distribution, conventional principal component analysis (PCA) cannot be used because of violations of the assumption of independence of measurement. Q-factor analysis identifies clusters of subjects with similar response patterns and can be conceptualised as "inverted" factor analysis (with variables entered as subjects and subjects as variables) (Brown, 1980; Kline, 2014) . Using this approach, Bailey and colleagues identified three clusters in the AQS: (a) "Interacts Harmoniously with Mother," (b) "Prefers Visitors," and (c) "Socially Withdrawn" (Bailey et al., 1999; Bailey et al., 2007) .
The research presented herein builds on the work of Bailey and colleagues to develop a shortened version of the AQS with robust psychometric properties. The first task is to replicate previous psychometric work with the AQS to reliably identify its latent structure. The second task concerns how to move from this identified structure to create a shortened measure.
Increasingly, Item Response Theory (IRT) is being used in the behavioural sciences to develop new assessment tools (For an accessible explanation of IRT, see Fraley, Waller, & Brennan, 2000) . IRT is a statistical approach for modelling the relationship between a latent trait (θ) and responses on test items (Reise & Waller, 2009 ). The two-parameter model expresses the probability of an individual endorsing a particular response on a survey item as a function of the individual's level of the underlying trait (e.g., attachment security), the difficulty of the item (β), and item's discrimination properties (α).
The key advantage of IRT over classical test theory is that it allows one to model, for each individual item, the relationship between these variables. This allows one to select items that discriminate most effectively at the required trait level. For our purposes, IRT offers the potential to construct a measure containing items that are most effective at identifying very insecurely attached infants.
To summarise, although the AQS is a well-validated measure of attachment, it is arguably not suitable for routine clinical use. The current study therefore aimed to use modern psychometric techniques to develop a short-form version of the AQS that could serve such purposes. It had three main aims: first, to use Q-factor analysis to identify the factor structure of the AQS and compare this with previous findings and second, to use IRT to create a shortened version based on the identified factor structure. Finally, to evaluate the validity of this shortened measure by examining correlations with relevant outcomes, including the SSP. 
| Measures

| Attachment Q-Set
The AQS was completed by trained raters at 24 months. Raters observed the child interacting with their mother in the home for a period of 2 hr. The 90 statement cards were then sorted using a forced normal distribution into nine piles, ranging from "most describes this child" to "least describes this child." An overall security score, ranging from −1.0 to 1.0, is calculated by correlating the individual sort with an expert criterion sort (Waters, 1987) . Scores for subscales defined in previous studies were calculated by summing the scores for individual items (i.e., the pile number in which the item is
Key messages
• We have developed a brief screening measure of attachment-the BAS-16-which in this sample comparable validity to the full AQS. This has the potential to be a useful screening measure for insecure attachment in clinical settings.
• Further research is needed to test this measure in clinical samples and to develop items to measure disorganised attachment. placed), reverse-scoring where necessary (Howes & Smith, 1995; Pederson & Moran, 1995; Posado et al., 1995) .
| Strange Situation Procedure
The SSP (Ainsworth et al., 1978) was administered at 15 and 36 months, with a modified procedure used at the later time point (Cassidy et al., 1992) . Videotapes of the SSP were coded independently by two trained raters with children classified into one of four categories: Avoidant (A), Secure (B), Resistant, (C) or Disorganised (D; Ainsworth et al., 1978; Main & Solomon, 1990 ). The present analysis excluded infants who were unclassifiable (U).
| Maternal sensitivity
Maternal behaviours were assessed at 24 months using videotaped mother-child interactions during the completion of interactive tasks.
Behaviour was coded on 4-point Likert scales measuring Supportive Presence, Respect for Autonomy, and Hostility (reverse-scored). A composite maternal sensitivity score was calculated by summing the three scales, with a possible range of 0-12.
| Child externalising behaviour
The externalising subscale of the Child Behaviour Checklist was completed by parents at 24 months (Achenbach, 1991) . The subscale contains 50 questions rated on a 3-point Likert scale.
| Social competence
Social competence was rated by teachers at 54 months using the Social Skills Rating System (Gresham & Elliott, 1990) . The Social Skills Rating System contains 30 questions rated on a 3-point Likert scale. A standardised score is calculated using included age and gender norms.
| Temperament
The Early Infant Temperament questionnaire was completed by mothers at six months (Medoff-Cooper, Carey, & McDevitt, 1993 To identify the latent structure of the AQS, Q-factor analysis was conducted using PCA with varimax rotation. The number of factors was chosen on the basis of scree plot analysis. The conceptual theme for each factor was identified by examining the 10 items most and least descriptive of individuals loading on the factor, identified by their weighted aggregate sort (For further details, see Bailey et al., 1999 and Brown, 1980) . In contrast to traditional ("R") factor analysis, it is not advantageous to use a large number of participants for Q-factor analysis. With R-factor analysis, the standard error of factor loadings decreases in proportion to sample size, meaning that larger samples yield more stable solutions (MacCallum, Widaman, Zhang, & Hong, 1999). However, as Q-factor analysis inverts variables and participants, analysis conducted with a much greater number of subjects than variables would theoretically yield unstable solutions. To address this issue, Q-factor analysis was therefore performed on a randomly identified subset of 200 participants.
| Reliability of factor structure
The reliability of the identified factor structure was assessed through comparison with previous findings. First, the items most and least descriptive of the identified factors were compared qualitatively with those identified by Bailey and colleagues (Bailey et al., 1999; Bailey et al., 2007) . Correlations were also calculated between participants' factor loadings and scores on previously identified AQS subscales.
| Item Response Theory
For the remainder of the analysis, the entire dataset was randomly split in two, with the first half (N = 598) used for the IRT analysis and the second half (N = 599) used to assess the validity of the new measure.
Initial pools of items for IRT were chosen on the basis of the Qfactor analysis. To maximise reliability, items from subscales identified by other researchers were also included in the relevant pools if they correlated highly with participants' factor scores (r ≥ ± 0.5).
Item parameters were estimated using Samajima's Graded
Response Model (Samejima, 1969) , an extension of the two parameter logistic model (Birnbaum, 1968) to items with more than two response categories. Items for the shortened measure were selected on the basis of their discrimination and difficulty, with preference given to items that discriminate most effectively at the low end of the trait range.
| Validity of shortened measure
The second half of the dataset was used to explore the validity of the shortened scale in comparison with the full AQS. Convergent validity was assessed by exploring the relationship with SSP classification at 15 and 36 months. Concurrent validity was assessed by examining the associations with maternal sensitivity and measures of peer competence and behavioural problems (Belsky & Fearon, 2008; Fearon et al., 2010; Schneider, Atkinson, & Tardif, 2001; Wolff & Ijzendoorn, 1997) . Discriminant validity was assessed by examining associations with infant temperament, which should only be weakly related to attachment (Groh, Fearon, IJzendoorn, Bakermans-Kranenburg, & Roisman, 2017; Vaughn, Bost, & van IJzendoorn, 2008) . Q-factor analysis was conducted using PQMethod 2.35 (Schmolck, 2014) , IRT was conducted using R-Studio 3.03 (R Studio, 2015) , and all other analyses were conducted using SPSS version 22 (IBM Corp, 2013) . Missing data was handled using pairwise deletion. Factor 1, labelled "Harmonious Interaction," accounted for 19% of the variance with 95 subjects (48%) loading on this factor, including one who loaded negatively. Items most descriptive of children loading on this factor indicate that the child is generally happy and obedient, whilst items least descriptive of children loading on this factor describe children who are often angry and upset. This factor was similar to the first factor described by Bailey et al. (1999) , labelled "interacts harmoniously with mother." Participant loadings on this factor also correlated highly with AQS subscales related to cooperation and difficult interactions (Table 1) .
Factor 2, labelled "Proximity-seeking," accounted for 10% of the variance with 42 subjects (21%) loading on this factor, including three who loaded negatively. Items most descriptive of children loading on this factor indicate children who maintain close proximity to their caregivers, enjoy physical contact with them, and prefer them to strangers. Items least descriptive indicate children who are independent, like exploring, but who also can become upset easily. This factor also showed similarity to the second factor reported by Bailey et al. (1999) , labelled "prefers visitors." Participant loadings on this factor also correlated highly with AQS subscales describing a preference for proximity to and physical contact with the mother.
Factor 3 accounted for 10% of the variance, with 39 subjects (20%) loading on this factor. Children loading on this factor were characterised as being even-tempered and sociable. This factor showed considerable similarity to the third factor described by Bailey et al. (1999) labelled "Socially Withdrawn." Factor 4 accounted for 6% of the variance, with 27 subjects (14%) loading on this factor. However, the items most and least descriptive of children loading on this factor failed to display any particular coherence.
3.2 | Item response analysis 3.2.1 | Item pool
Out of the four identified factors, the first two showed clear conceptual coherence and convergence with previous psychometric work on the AQS. Whilst results also indicated a third factor, this contained significant overlap with the first factor both in terms of the correlation between factor scores and the items most and least descriptive of individuals loading highly on that factor. In order to produce an abbreviated measure with distinct subscales, it was therefore decided to conduct IRT on pools of items relating to the first two factors only.
The first pool consisted of the 10 items most and least descriptive of the Harmonious Interaction factor identified above and in the two studies by Bailey and colleagues (Bailey et al., 1999; Bailey et al., 2007) , and the items from the Smooth Interaction, Compliant, and Fussy/difficult (reverse scored) subscales. The second pool consisted of the 10 items most and least descriptive of the proximity-seeking factor identified above and in the Bailey studies and the items from the Enjoys Physical Contact, Proximity to Mother, and Physical Contact with Mother subscales (Pederson & Moran, 1995; Posado et al., 1995) . Duplicate items and items with unused response categories (N = 4) were removed, leaving pools of 37 and 40 items, respectively.
| Model assumptions
PCA and scree-plot analysis were used to assess unidimensionality for both pools of items (Hambleton, 1991) . Both pools showed a clear first factor but some evidence of a second factor. Items with loadings >0.4 on the first factor or < 0.1 were therefore removed. This left 29 items in the first pool and 27 in the second. PCA was repeated resulting in clearer unidimensionality in both pools (Figures 1 and 2 ).
Whilst there was still evidence of a small second factor in the second pool, IRT models may be robust to small violations of unidimensionality with sufficient test length and sample size (De Ayala, 2009; Kirisci, Hsu, & Yu, 2001 ).
| Model fit
Model fit was assessed through examination of item residual plots (DeMars, 2010; Hambleton, 1991; Hambleton & Swaminathan, 1985) and using the S-X 2 statistic (Kang & Chen, 2011; Orlando & Thissen, 2000) . No items showed signs of significant misfit.
| Construction of the Brief Attachment Scale
Items showed minimal differences in difficulty and were therefore selected to form the shortened measure (named the "Brief Attachment
Scale" [BAS-16]) based on discrimination values alone. To determine how many items to include, items were first ranked by their discrimination values and a cumulative total was calculated. This was plotted to graphically depict the relative increase in information as more items were included ( Figure 3 ). As there were no clear points of inflection, it was decided (albeit arbitrarily) to construct a 16-item measure containing two eight-item scales (BAS-16; Table 2 ). Test information curves showed that the Harmonious Information scale discriminated effectively over a slightly wider trait range than the Proximity-seeking scale (Figure 4 ). 62. When child is in a happy mood, he is likely to stay that way all day.
1.36
18. Child follows mother's suggestions readily, even when they are clearly suggestions rather than orders.
1.22 32. When mother says "No" or punishes him, child stops misbehaving (at least at that time) and does not have to be told twice.
1.13
19. When mother tells child to bring or give her something, he obeys.
Proximity seeking
35. Child is independent with mother, prefers to play on his own, and leaves mother easily when he wants to play.
2.68
43. Child stays closer to mother or returns to her more often than the simple task of keeping track of her requires.
2.64
59. When child finishes with an activity or toy, he generally finds something else to do without returning to mother between activities.
1.33
11. Child often hugs or cuddles against mother, without her asking or inviting him to do so.
1.27
90. If mother moves very far, child follows along and continues his play in the area she has moved to.
1.25
44. Child asks for and enjoys having mother hold, hug, and cuddle him.
1.21
21. Child keeps track of mother's location when he plays around the house.
1.04
57. Child is fearless.
0.74
Note. italicised items are reverse-scored. AQS: Attachment Q-Sort; BAS-16: Brief Attachment Scale.
accounted for 67% of the variance in the overall security score (Table 3) . Inspection of the criterion sort showed that five of the items from the Harmonious Interaction scale and two from the Proximityseeking scale were placed in either the top or bottom of two piles.
| Convergent validity
Next, we examined whether the BAS-16 distinguished between secure and insecure SSP classifications (avoidant, resistant, and disorganised) at 15 and 36 months. At 15 months, we found no significant differences in BAS-16 scores or overall security score between secure and insecure infants (Table 4) . By contrast, at 36 months, infants classified as insecure on the SSP showed significantly lower scores on the BAS-16 total scale and Harmonious Interaction subscale compared with those classified as secure (Table 5) . To further explore this latter finding, a series of one-way analysis of variance were conducted to compare BAS-16 scores between the four attachment subgroups from the SSP (Table 6 ). This showed only that the secure group scored higher than the disorganised group on the Harmonious Interaction subscale.
| Concurrent and discriminant validity
The Harmonious Interaction subscale and the BAS-16 total score were significantly correlated with sensitivity, externalising, and social competence, to a similar magnitude as the full AQS (Table 7) . By contrast, the Proximity-seeking scale showed only a weak correlation with externalising. Neither the BAS-16 nor the full AQS were significantly correlated with temperament (r values between −0.07 and 0.06).
| DISCUSSION
The aim of this study was to develop a short form of the AQS without sacrificing validity.
Replicating the work of Bailey and colleagues, we identified two the large interval between measurement rather than the discriminant validity of the AQS.
Contrary to expectations, we failed to find any significant relationships between the Proximity-seeking scale-which describes more prototypical secure base behaviour-and SSP classification at 15 or 36-month olds. This suggests that in the home, secure attachment primarily manifests in harmonious parent-child interaction rather than safety-seeking/exploration behaviour. This fits with previous findings that questions on the AQS related to noncompliance and fussiness were most strongly associated with disorganised attachment at 15 months (Van Bakel & Riksen-Walraven, 2004) .
One explanation for this is that typical secure base behaviours are most prominently displayed when the attachment system is activatedin stressful situations (Cassidy & Shaver, 1999) . In nonstressful, familiar situations, these behaviours may not be observed, and related AQS items will be placed towards the middle of a sort and will thus fail to differentiate securely and insecurely attached children. Indeed, we found that a number of items describing responses to separation had few to no responses in the highest or lowest piles suggesting the events had not occurred. A promising area of research is to introduce a structured period of separation within the observation to activate the attachment system (e.g., Van
Bakel & Riksen-Walraven, 2004); this may enable items related to separation to be more effective in identifying insecurely attached children.
It was also surprising that neither the full AQS nor BAS-16 significantly related to SSP classification of 15-month olds. This is despite the relatively robust associations discerned in meta-analytic reviews (Cadman et al., 2017; Van IJzendoorn et al., 2004) . Given that this association was equally weak for the full AQS, it may reflect the particular methodology included in this study (e.g., the 11-month interval of measurement between the AQS and SSP at a time of rapid infant development). Further assessment of the validity of the BAS-16 against infancy SSP classifications is required using different study samples.
Taken together, our findings show that in this sample, the BAS-16 performs comparably to the full AQS. Indeed, our results suggest that a very brief measure comprising the eight-item Harmonious Interaction scale could be as effective as the full AQS at identifying insecure attachment in the home. Whilst this scale does not cover the same range of behaviours as the full measure, it appears to capture the important manifestations of insecure attachment within a nonstressful setting.
This has important clinical implications. Given its brevity, the scale could plausibly be used by healthcare professionals who have routine contact with at-risk families. It could also be used in longitudinal studies where brevity is paramount given the large batteries of measures involved.
This study had a number of strengths. It is the first study to use IRT to reduce the number of items in the AQS based on an empirically determined factor structure and was conducted on a large sample. The main limitation of the study was that despite the forced distribution of the sorting process, it was assumed that AQS items were independent.
The justification for treating them as independent is the vast number of possible ordered combinations of AQS items (90! = 1.49 E + 145).
However, it is unknown how similar or different the pattern of responses would have been if rated on independent scales.
Future studies are therefore needed to assess the validity of these new scales when used on their own (i.e., not extracted from the total set of 90 items that was administered), for example, in a Likert-type response format and when they are applied in different populations such as clinical or at-risk groups. It should also be examined how much time (if any) a shortened measure could save, given that a lengthy period of observation may still be necessary to capture the relevant behaviours. Potential drawbacks of using healthcare professionals to assess attachment with a brief measure should also be investigated, for example, reliance on parent report or response bias. Finally, whilst the BAS-16 did successfully distinguish disorganised from secure 63. Even before trying things himself, child tries to get someone to help him.
6. When child is near mother and sees something he wants to play with, he fusses or tries to drag mother over to it 31. Child wants to be the center of mother's attention. If mom is busy or talking to someone, he interrupts.
Most descriptive
11. Child often hugs or cuddles against mother, without being asked or invited to do so.
28. Child enjoys relaxing in mother's lap.
1. Child readily shares with mother or lets her hold things if she asks to.
50. Child's initial reaction when people visit the home is to ignore or avoid them, even if he eventually warms up to them.
64. Child enjoys climbing all over mother when they play.
53. Child puts his arms around mother or puts his hand on her shoulder when she picks him up.
Least descriptive
54. Child acts like he expects mother to interfere with his activities when she is simply trying to help him with something.
67. When the family has visitors, child wants them to pay a lot of attention to him.
30. Child becomes easily angry with toys.
7. Child laughs and smiles easily with a lot of different people.
65. Child is easily upset when mother makes him change from one activity to another.
Factor 3 ("Sociable")
Factor 4 (Not named)
66. Child easily grows fond of adults who visit his home and are friendly to him.
52. Child has trouble handling small objects or putting small things together.
79. Child easily becomes angry at mother.
12. Child quickly gets used to people or things that initially made him shy or frightened him.
Most Descriptive
37. Child is very active, always moving around, and prefers active games to quiet ones.
5. Child is more interested in people than in things.
48. Child readily lets new adults hold or share things he has, if they ask to.
28. Child enjoys relaxing in mother's lap. 50. Child's initial reaction when people visit the home is to ignore or avoid them even if he eventually warms up to them.
76. When given a choice, child would rather play with toys than with adults.
75. At home, child gets upset or cries when mother walks out of the room (may or may not follow her).
63. Even before trying things himself, child tries to get someone to help him.
82. Child spends most of his playtime with just a few favourite toys or activities.
04. Child is careful and gentle with toys and pets.
39. Child is often serious and businesslike when playing away from mother or alone with his toys.
32. When mother says "No" or punishes him, child stops misbehaving (at least at that time) and does not have to be told twice.
65. Child is easily upset when mother makes him change from one activity to another. 11. Child often hugs or cuddles against mother, without her asking or inviting him to do so.
16. Child prefers toys that are modelled after living things (e.g., dolls and stuffed animals).
56. Child becomes shy or loses interest when an activity looks like it might be difficult.
24. When mother speaks firmly or raises her voice at him, child becomes upset, sorry, or ashamed about displeasing her.
